t Statistically significant difference from non-national standard swimmers (t test, P < 0.01). The results further suggest that the most successful male swimmers-that is, the national standard swimmers have larger lung volumes than non-national standard swimmers. This appears to be the first instance that such a difference between elite and subelite swimmers has been highlighted. A possible reason for the difference between the two groups is an increased strength of the respiratory musculature, a factor that contributes to forced manoeuvres, since there is evidence of a positive relationship between upper-body strength and swim performance. 38 Further analysis of the data showed that, when years of training was controlled for by analysis of covariance, the differences in FEV1.0 between the two groups was no longer evident. This suggests that the number of years of swimming training and/or the earlier age at which swimming training begins may have a significant bearing on subsequent FEV,10 and swimming performance. Interestingly, these differences were not evident between the female national and non-national standard swimmers. It is known that in the general population, muscle strength in itself explains the apparent "acceleration" in male lung volume with increased stature after puberty,20 and it may be that this also holds true for male and female swimmers. The inclusion of a measurement of respiratory muscle strength might therefore be a useful addition to future studies of lung volume of elite v non-elite male and female swimming groups.
In summary, our results support previous work that suggests that swimmers have superior FEV1.0 independent of age and stature in comparison with both land based athletes and sedentary controls. In addition, male national standard swimmers were shown to have superior FEV1 0 independent of age and stature in comparison with male non-national standard swimmers. When years of training was controlled for, the difference in FEV1.0 between these two groups was no longer evident. This suggests that the years of swimming training and/or the earlier age at which training begins may have a significant influence on subsequent FEV1.0 and swimming performance. However, until additional longitudinal studies are completed examining selection, respiratory muscle strength, and training patterns (including training duration and intensity) in more detail, the relative contribution of genetic endowment and training to enhanced lung volume in swimmers will remain unclear.
